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1 

METHOD OF MAKING MEMORY CELL 
WITH VERTICAL TRANSISTOR AND 
BURED WORD AND BODY LINES 

FIELD OF THE INVENTION 

The present invention relates generally to integrated 
circuits, and particularly, but not by way of limitation, to 
Semiconductor memories Such as a dynamic random acceSS 
memory (DRAM) having a memory cell with a vertical 
transistor and buried word lines and body lines. 

BACKGROUND OF THE INVENTION 

Semiconductor memories, Such as dynamic random 
access memories (DRAMs), are widely used in computer 
systems for storing data. A DRAM memory cell typically 
includes an access field-effect transistor (FET) and a storage 
capacitor. The access FET allows the transfer of data charges 
to and from the Storage capacitor during reading and writing 
operations. The data charges on the Storage capacitor are 
periodically refreshed during a refresh operation. 
One consideration in using Such access FETS is in pro 

viding a body bias voltage to the body portion of the 
memory cell access FET to improve memory cell operation. 
The body bias voltage allows the memory cell to operate 
from a low power Supply Voltage, Such as 1.5 volts, from 
which a gate Voltage controlling the access FET is derived. 
Turning the access FET on to transfer data to or from the 
Storage capacitor requires a gate Voltage in exceSS of a 
turn-on threshold Voltage. However, low power Supply 
Voltages, Such as 1.5 volts, may not provide Sufficient 
overdrive voltage in excess of the threshold voltage to fully 
turn on the access FET. The gate Voltage required for turning 
on the access FET can be reduced by controlling the body 
bias voltage. When the access FET is turned off, the body 
bias Voltage also controls a Subthreshold leakage current of 
the access FET. The access FET is turned off during a time 
period when data is Stored as charge on the Storage capacitor. 
During the time period when the access FET is turned off, 
the Subthreshold leakage current removes Some of the Stored 
data charges from the Storage node of the Storage capacitor. 
The body bias voltage value controls the threshold voltage 
of the access FET that is coupled to the storage node. By 
increasing the threshold voltage of the access FET when it 
is turned off, the Subthreshold leakage current is reduced. 
Without a proper body bias voltage, the subthreshold leak 
age current would lead to short data retention times. 

Providing the body bias Voltage to the memory cell acceSS 
FETs requires a conductive body line that interconnects 
body contacts to the access FET body regions that receive 
the body bias voltage. The body line, as well as bit line, word 
line, and other Such conductors all occupy integrated circuit 
Surface area. To increase DRAM data Storage density, the 
Surface area of each memory cell, referred to as its 
“footprint', must be minimized. However, conventional 
memory cells typically require bit, word, and body lines on 
the upper Surface of the memory cell, requiring Surface area 
in addition to that of the memory cell Storage capacitor. 
Memory density is typically limited by a minimum litho 

graphic feature size (F) that is imposed by lithographic 
processes used during fabrication. For example, the present 
generation of high density dynamic random acceSS memo 
ries (DRAMs), which are capable of storing 256 Megabits of 
data, typically require an area of 8 F per bit of data. There 
is a need in the art to provide even higher density memories 
in order to further increase data Storage capacity and reduce 
manufacturing costs. Increasing the data Storage capacity of 
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Semiconductor memories requires a reduction in the size of 
the access FET and Storage capacitor of each memory cell. 
However, other factors, Such as Subthreshold leakage cur 
rents and alpha-particle induced Soft errors, require that 
larger Storage capacitors be used. Thus, there is a need in the 
art to increase memory density while allowing the use of 
Storage capacitors that provide Sufficient immunity to leak 
age currents and Soft errors. There is also a need in the 
broader integrated circuit art for dense Structures and fab 
rication techniques. There is a further need in the art to 
increase integrated circuit density while providing body as 
Voltage Signals that are capable of improving the character 
istics of both “on” and “off” access FET switching devices. 

SUMMARY OF THE INVENTION 

The present invention provides an integrated circuit 
including a pillar of Semiconductor material that extends 
outwardly from a working Surface of a Substrate. The pillar 
has a number of Sides. A transistor is formed having body 
and first and Second Source/drain regions within the pillar. 
The transistor includes a gate and a body contact that are 
each associated with a side of the pillar. 
The invention also provides a memory device including 

an array of memory cells. Each cell includes a transistor. 
Each transistor includes a Semiconductor pillar forming 
body and first and Second Source/drain regions. The transis 
tor also includes a gate and a body contact disposed adjacent 
to opposing Sides of the pillar. The memory device also 
includes a plurality of Substantially parallel word lines. Each 
word line is disposed orthogonally to the bit lines in a trench 
between columns of the memory cells. Each word line 
allows addressing of gates of the transistors of the memory 
cells that are adjacent to the trench in which the word line 
is disposed. The memory device also includes a plurality of 
substantially parallel body lines. The body lines are inter 
digitated with the word lines. Each body line is disposed 
orthogonally to the bit lines in a trench between columns of 
the memory cells. Each body line provides a Signal to body 
regions of the transistors of the memory cells that are 
adjacent to the trench in which the body line is disposed. A 
plurality of bit lines is provided, proximal to the Substrate. 
The bit lines interconnect ones of the first Source/drain 
regions of ones of the memory cells. In one embodiment, the 
pillars extend outwardly from an insulating portion of the 
Substrate. In another embodiment, the pillars extend out 
Wardly from a Semiconductor portion of the Substrate. 

The invention also provides a method of fabricating an 
integrated circuit. According to one embodiment of the 
method, a Substrate is provided, and a plurality of bit lines 
are formed on the Substrate. A plurality of access transistors 
are formed on each of the bit lines. Each access transistor 
includes a first Source/drain region shared by at least a 
portion of the bit line. Each acceSS transistor also includes a 
body region and Second Source/drain region formed verti 
cally on the first Source/drain region. A plurality of isolation 
trenches are formed in the Substrate, orthogonal to the bit 
lines. Each trench is located between access transistors on 
the orthogonal bit lines. A word line is formed in a first one 
of the trenches. The word line controls conduction between 
first and Second Source/drain regions of access transistors 
that are adjacent to a first side of the first trench. Abody line 
is formed in a second one of the trenches. The body line 
interconnects body regions of acceSS transistors that are 
adjacent to a first Side of the Second trench. 

In one embodiment, the word line also controls conduc 
tion between first and Second Source/drain regions of access 
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transistors that are adjacent to a Second Side of the first 
trench. In another embodiment, the body line also intercon 
nects body regions of access transistors that are adjacent to 
a Second Side of the Second trench. 

In a further embodiment, another word line is formed in 
the first trench, for controlling conduction between first and 
Second Source/drain regions of access transistors that are 
adjacent to a Second Side of the first trench. In yet a further 
embodiment, another body line is formed in the second 
trench, which interconnects body regions of acceSS transis 
tors that are adjacent to a Second Side of the Second trench. 

Thus, the invention provides high density integrated cir 
cuit structures and fabrication methods, such as for DRAM 
memory cell arrayS and other Semiconductor devices. One 
aspect of the invention allows for buried bit, word, and body 
lines, providing high integration density. Each memory cell 
can be fabricated in a surface area that is approximately 4 F, 
where F is a minimum lithographic feature size. In one 
embodiment, a common word line is shared by all of the 
access FETs that are located along both sides of the trench 
in which the word line is located. In another embodiment, a 
common body line is shared by all of the access FETs that 
are located along both sides of the trench in which the body 
line is located. In a further embodiment, split word lines are 
provided in first alternating trenches, and the Split word lines 
provide Separate addressing of gate regions of acceSS FETS 
on opposite Sides of the trench. In yet a further embodiment, 
Split body lines are provided in Second alternating trenches, 
and the split body lines provide Separate interconnection of 
body contacts to body regions of the access FETs on 
opposite Sides of the trench. Each of the unitary and Split 
word and body line embodiments can be fabricated on a bulk 
Semiconductor Substrate, or on a Semiconductor-on-insulator 
(SOI) substrate that results from using an SOI starting 
material, or by forming SOI regions during fabrication. The 
SOI embodiments provide greater immunity to alpha 
particle induced Soft errors, allowing the use of Smaller 
Storage capacitors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, like numerals describe Substantially 
Similar components throughout the Several views. 

FIG. 1 is a Schematic representation illustrating generally 
one embodiment of a Semiconductor memory according to 
the invention. 

FIG. 2 is a perspective view illustrating generally one 
embodiment of a portion of a memory according to the 
present invention. 

FIG. 3 is a plan view illustrating generally memory cells 
according to one embodiment of the invention as viewed 
from above the structures formed on the Substrate. 

FIG. 4 is a cross-sectional view taken along the cut line 
4–4 of FIG. 3. 

FIGS. 5A-N describe generally various processing tech 
niques of one embodiment of a method of fabricating 
memory cells according to the invention. 

FIG. 6 is a perspective view illustrating generally another 
embodiment of a portion of a memory according to the 
present invention having a Semiconductor-on-insulator 
(SOI) substrate. 

FIGS. 7A-C illustrate generally, by way of example, 
additional StepS used to form SOI bars according to one 
embodiment of the invention. 

FIG. 8 is a perspective view illustrating generally another 
embodiment of a portion of a memory according to the 
present invention in which split gates and body lines are 
formed. 
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FIG. 9 is a plan view illustrating generally memory cells 

according to a split gate and body line embodiment of the 
invention as viewed from above the structures formed on the 
Substrate. 

FIG. 10 is a cross-sectional view taken along the cut line 
10-10 of FIG. 9. 

FIGS. 11 A-E describe generally various processing tech 
niques of one method of fabricating a split gate and body 
line embodiment according to the invention. 

FIG. 12 is a perspective view illustrating generally 
another embodiment of a portion of a memory according to 
the present invention including split gates and body lines 
and a bulk Semiconductor Substrate. 

FIG. 13 is a cross-sectional view taken along the cut line 
13-13 of FIG. 11. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the following detailed description of the invention, 
reference is made to the accompanying drawings which 
form a part hereof, and in which is shown, by way of 
illustration, Specific embodiments in which the invention 
may be practiced. The embodiments are intended to describe 
aspects of the invention in Sufficient detail to enable those 
skilled in the art to practice the invention. Other embodi 
ments may be utilized and changes may be made without 
departing from the Scope of the present invention. In the 
following description, the terms wafer and Substrate are 
interchangeably used to refer generally to any Structure on 
which integrated circuits are formed, and also to Such 
Structures during various Stages of integrated circuit fabri 
cation. Both terms include doped and undoped 
Semiconductors, epitaxial layers of a Semiconductor on a 
Supporting Semiconductor or insulating material, combina 
tions of Such layers, as well as other Such structures that are 
known in the art. The following detailed description is not to 
be taken in a limiting Sense, and the Scope of the present 
invention is defined only by the appended claims. 

FIG. 1 is a Schematic representation illustrating generally 
one embodiment of a semiconductor memory 100 device 
incorporating an array of memory cells provided by the 
invention. In FIG. 1, memory 100 illustrates, by way of 
example but not by way of limitation, a dynamic random 
access memory (RAM), but the invention also includes any 
other integrated circuit or Semiconductor memory devices. 
Memory 100 includes memory cell arrays 110, such as 110A 
and 110B. Each array 110 includes M rows and N columns 
of memory cells 112. 

In the exemplary embodiment of FIG. 1, each memory 
cell includes a transfer device, Such as n-channel cell access 
field-effect transistor (FET) 130 or any other transistor or 
Switching device. Access FET 130 is coupled to a storage 
node of a storage capacitor 132. The other terminal of 
Storage capacitor 132 is coupled to a reference Voltage Such 
as a ground voltage VSS. Each of the M rows includes one 
of word lines WL0, WL1 ... WLm-1, WLm coupled to the 
input nodes of memory cells 112 at respective gate terminals 
of access FETs 130 or to the control terminal of an equiva 
lent switching device. Each of the M rows also includes one 
of body lines R1, R2, ..., Rim-1, Rim coupled to the body 
terminals of access FETs 130 in memory cells 112. Each of 
the N columns includes one of bit lines BL0, BL1 . . . 
BLn-1, BLn. 

Bitlines BL0-BLn are used to write to and read data from 
memory cells 112. Word lines WLO-WLm are used to access 
a particular row of memory cells 112 that is to be written or 
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read. Addressing circuitry is also included For example, 
address buffer 114 controls column decoders 118, which also 
include Sense amplifiers and input/output circuitry that are 
coupled to bit lines BL0-BLn. Address buffer 114 also 
controls row decoders 116. Row decoders 116 and column 
decoders 118 selectably access memory cells 112 in 
response to address Signals that are provided on address 
lines 120 during write and read operations. The address 
Signals are typically provided by an external controller Such 
as a microprocessor or other memory controller. Each of 
memory cells 112 has a Substantially identical Structure, and 
accordingly, only one memory cell 112 Structure is described 
herein. 

FIG. 2 is a perspective view illustrating generally one 
embodiment of a portion of a memory 100 according to the 
present invention. FIG. 2 illustrates portions of Six memory 
cells 112a-f, including portions of Vertically oriented acceSS 
FETs 130 therein. Conductive segments of bit lines 202 
represent particular ones of bit lines BL0-BLn. Conductive 
segments of word line 206 represents any one of word lines 
WL0-WLm, which provide integrally formed gate regions 
for access FETs 130 between which the particular word line 
206 is interposed. Conductive segments of body line 208 
represents any one of body lines R0–RM, which provide 
interconnected electrical body contacts to body regions of 
access FETs 130 between which the particular body line 208 
is interposed. Thus, word lines WLO-WLm and body lines 
R0–RM are alternatingly disposed (interdigitated) within the 
array 110. The detailed description of the structure of 
memory cell 112 refers only to memory cells 112a-f, bit 
lines 202, word line 206 and body line 208 that are associ 
ated with memory cells 112a-f. However, the following 
description Similarly applies to all memory cells 112 and 
similar conductive lines in array 110. 

In FIG. 2, vertically oriented access FETs 130 are formed 
in Semiconductor pillars that extend outwardly from an 
underlying substrate 210. As described below, Substrate 210 
includes bulk Semiconductor Starting material, 
semiconductor-on-insulator (SOI) starting material, or SOI 
material that is formed from a bulk Semiconductor Starting 
material during processing. 

In one example embodiment, using bulk silicon process 
ing techniques, acceSS FETS 130 include an n+ Silicon layer 
formed on a bulk silicon substrate 210 to produce first 
Source/drain regions 212 of access FETs 130 and integrally 
formed n++ conductively doped bit lines 202. Bit lines 202 
define a particular column of memory cells 112. A p-Silicon 
layer is formed on n+ first Source/drain region 212 to form 
the body region 214 of access FET 130. Inversion channels 
may be capacitively generated at the Sidewalls of the body 
region 214 of the Semiconductor pillar under the control of 
word line 206. Word line 206 includes the gate region of 
adjacent access FETs 130. A further n+ silicon layer is 
formed on p-body region 214 to produce Second Source/ 
drain region 216 of access FET 130. Storage capacitors 132 
are formed on the Second/Source drain regions 216. 
Word lines WL0-WLm and body lines R0–RM are alter 

natingly disposed (interdigitated) within the array 110. For 
example, word line 206 is interposed between Semiconduc 
tor pillars of memory cell pairs 112a–b and 112de. Body 
line 208 is interposed between semiconductor pillars of 
memory cell pairs 112b-c and 112e-f. Thus, as seen from 
FIG. 2, access FETs 130 are formed on bit lines 202 in 
Semiconductor pillars extending outwardly from Substrate 
210. Such semiconductor pillars include body regions 214, 
and first and Second Source drain regions 212 and 216, 
respectively. In this embodiment, bit lines 202 contact bulk 
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semiconductor Substrate 210, and body lines 208 contact 
body regions 214 of adjacent access FETs 130. 

Isolation trenches provide isolation between access FETs 
130 of adjacent memory cells 112. Columns of memory cells 
112 are separated by a trench 220 that is subsequently filled 
with a Suitable insulating material Such as Silicon dioxide 
(SiO2), referred to as “oxide”. For example, trench 220 
provides isolation between memory cells 112a and 112d and 
between memory cells 112b and 112e. Rows of memory 
cells 112 are alternatingly separated by trenches 221 and 
222. Trenches 221 and 222 are each separated from substrate 
210 by an underlying insulating layer, as described below. 
For example, trench 221 carries word line 206 and provides 
isolation between memory cells 112a and 112b and between 
memory cells 112d and 112e. In addition, trench 222 pro 
vides isolation between portions of memory cells 112b and 
112c and memory cells 112e and 112f Trenches 221 and 222 
extend substantially orthogonally to bit lines 202. 
Word line 206 is spaced apart from the vertical sidewalls 

219 of trench 221, isolated therefrom by gate oxide 218. As 
a result, word line 206 is capacitively coupled to body 
regions 214 of adjacent access FETs 130. In one 
embodiment, word line 206 is formed of a refractory metal, 
Such as tungsten or titanium. In another embodiment, word 
line 206 is formed of n+ doped polysilicon, depending upon 
the process that is used in fabricating the memory cells. 
Similarly, other suitable conductors could also be used for 
word line 206. Word line 206 includes gate regions that are 
capacitively coupled to inversion channel regions of access 
FETs 130 of adjacent memory cells 112a-b and 112d-e. 

Trench 222 carries body line 208, which conductively 
interconnects body regions 214 of access FETs 130 of 
memory cells 112b-c and 112ef for applying a body bias 
Voltage thereto, as described below. In one embodiment, 
body line 208 is formed of a refractory metal, such as 
tungsten or titanium. In another embodiment, body line 206 
is formed of p-- doped polysilicon to obtain an ohmic contact 
to p-body regions 214. Similarly, other Suitable conductors 
could also be used for body line 208. 

In operation, memory 100 receives an address of a par 
ticular memory cell 112 at address buffer 114. Address buffer 
114 identifies one of the word lines WLO-WLm of the 
particular memory cell 112 to row decoder 116. Row 
decoder 116 selectively activates the particular word line 
WL0-WLm to activate access FETs 130 of each memory 
cell 112 that is connected to the selected word line 
WLO-WLim. Column decoder 118 Selects the one of bit lines 
BLO-BLn of the particularly addressed memory cell 112. 
For a write operation, data received by input/output circuitry 
is coupled to the one of bit lines BL0-BLn and through the 
acceSS FET 130 to charge or discharge the Storage capacitor 
132 of the selected memory cell 112 to represent binary data. 
For a read operation, data Stored in the Selected memory cell 
112, as represented by the charge on its Storage capacitor 
132, is coupled to the one of bit lines BL0-BLn, amplified, 
and a corresponding Voltage level is provided to the input/ 
output circuits. 
A body bias Voltage Signal is applied to a body portions 

214 of access FETs 130 in a row of memory cells 112. The 
body bias Voltage is Synchronously applied through one of 
body lines R0–RM, such as through body line 208, together 
with a word line activation signal that is applied to one of 
word lines WLO-WLm, Such as to word line 206, for 
activating access FETs 130 of the same row of memory cells 
112. 

For example, in a normal standby state, word line 206 is 
provided approximately 0 Volts. During this same standby 
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state, body line 208 is provided a bias voltage of approxi 
mately -1.5V to increase the threshold Voltage magnitude of 
the access FET 130, reduce subthreshold leakage currents, 
and increase data retention time. When the word line acti 
Vation signal is applied, word line 206 is provided approxi 
mately 1.5 Volts to turn on the access FET130 and body line 
208 is provided approximately 0.5 Volts in order to decrease 
the turn-on threshold Voltage magnitude of the acceSS FET 
130 and thereby increase the effective gate overdrive voltage 
provided on the word line 206. Word line 206 provides gate 
regions that control access FETs 130 on either side of the 
word line 206. Thus, in one embodiment, both adjacent ones 
of body lines R0–Rim, on each side of the word line 206, are 
synchronously activated together with word line 206, as 
described above, in order to provide body bias Voltages to 
these same access FETs 130. 

FIG. 3 is a plan view illustrating generally memory cells 
112a-f as viewed from above the structures formed on 
substrate 210. FIG. 3 illustrates portions of a subsequently 
formed insulator Such as oxide 224, formed in trenches 220 
to provide isolation between memory cells 112. In this 
embodiment, word line 206 is shared between gates of 
access FETs 130 of memory cells 112 in adjacent rows, such 
as between memory cells 112a–b and 112de. Word line 206 
is also shared between gates of other access FETs 130 that 
are in the same adjacent rows, but coupled to different bit 
lines 202. Word line 206 is located in trench 221 that extends 
between the semiconductor pillars of memory cells 112a-b. 
Word line 206 is separated by gate oxide 218 from the 
vertical sidewalls 219 of the semiconductor pillars on each 
side of trench 221. 

Body line 208 provides body contact interconnections for 
body regions 214 of access FETs 130 of memory cells 112 
in adjacent rows, Such as between memory cells 112b-C and 
112ef Body line 208 is also shared between body regions 
214 of other access FETs 130 that are in the same adjacent 
rows, but coupled to different bit lines 202. Body line 208 is 
located in trench 222 that extends between the Semiconduc 
tor pillars of memory cells 112b-c. Body line 208 mechani 
cally and electrically contacts the body region 214 portions 
of the vertical sidewalls 223 of the semiconductor pillars on 
each side of trench 222. 

FIG. 4 is a cross-sectional view taken along the cut line 
4–4 of FIG. 3. In FIG. 4, word line 206 and body line 208 
are buried below the active semiconductor Surface 230 of the 
Semiconductor pillar in the memory cells 112. Active Semi 
conductor Surface 230 represents an upper Semiconductor 
portion of second source/drain region 216. Word line 206 is 
isolated from adjacent Semiconductor pillars by gate oxide 
218. Word line 206 provides integrally formed gate portions 
that are capacitively coupled to adjacent access FET 130 
body regions 214, Such as for forming inversion channel 
regions therein. Body line 208 provides mechanical and 
electrical body contacts to vertical sidewalls 223 of body 
regions 214 of adjacent access FETs 130. 

Burying word line 206 and body line 208 below semi 
conductor Surface 230 provides additional Space on the 
upper portion of memory cell 112 for formation of Storage 
capacitorS 132. Increasing the area available for forming 
Storage capacitor 132 increases the possible obtainable 
capacitance value of Storage capacitor 132 and increases the 
data Storage density of memory array 110. In one 
embodiment, Storage capacitor 132 is a Stacked capacitor 
that is formed using any of the many capacitor Structures and 
proceSS Sequences known in the art. Other techniques could 
also be used for implementing Storage capacitor 132. Con 
tacts to word line 206 and body line 208, such as for 
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providing control Signals thereto, can be made outside of the 
memory array 110. 
As illustrated in the plan view of FIG. 3, word lines 206 

and body lines 208 are shared between adjacent memory 
cells 112. As a result, only one-half the surface line width of 
each is allocated to each memory cell 112. The row pitch of 
each cell, measured from the centerline of word line 206 to 
the centerline of body line 208, can be approximately 2 F, 
where F is a minimum lithographic feature size. F corre 
sponds to the length and width presented by the Surface of 
a minimum-sized Semiconductor pillar in each memory cell 
112. The column pitch of each cell, measured between 
centerlines of bit lines 202, can be approximately 2 F. Thus, 
the Surface area of each memory cell 112 can be approxi 
mately 4 F. 

FIGS. 5A-N describe generally various processing tech 
niques of one embodiment of a method of fabricating 
memory cells 112, such as shown in FIGS. 2-4, using bulk 
Silicon processing techniques. In the embodiment of FIG. 
5A, a p-bulk silicon Substrate 210 starting material is used. 
An n++ and n+ Silicon composite first Source/drain layer 212 
is formed on Substrate 210, Such as by ion-implantation, 
epitaxial growth, or a combination of Such techniques. The 
more heavily conductively doped lower portion of first/ 
Source drain layer 212 also functions as the bit line 202. The 
thickness of the n++ portion of first Source/drain layer 212 
is that of the desired bit line 202 thickness, which can be 
approximately between 0.1 to 0.25 lum. The overall thick 
neSS of the composite first Source/drain layer 212 can be 
approximately between 0.2 to 0.5 lim. A body region layer 
214 of p-Silicon is formed, Such as by epitaxial growth, to 
a thickness that can be about 0.4 lim. A Second Source/drain 
region layer 216 of n+ Silicon is formed, Such as by 
ion-implantation into body region layer 214 or by epitaxial 
growth on body region layer 214. The thickness of Second 
Source/drain layer 216 can be approximately between 0.2 
and 0.5 lim. 

In FIG. 5B, a silicon dioxide (SiO2) thin pad oxide layer 
512 is formed on Second Source/drain region 216, Such as by 
chemical vapor deposition (CVD). In one embodiment, pad 
oxide layer 512 can be approximately 10 nm thick. A thin 
silicon nitride (SiN) layer 514 is formed on pad oxide layer 
512, such as by CVD. In one embodiment, nitride layer 514 
of can be approximately 100 nm in thickness. 

In FIG. 5C, photoresist is applied and selectively exposed 
to provide a mask for the directional etching of trenches 220, 
Such as by reactive ion etching (RIE), resulting in a plurality 
of column bars 516. Each column bar 516 contains the stack 
of nitride layer 514, pad oxide layer 512, second source/ 
drain layer 216, body region layer 214, and first Source/drain 
layer 212. Trenches 220 are etched to a depth that is 
sufficient to reach the surface 518 of substrate 210, thereby 
providing Separation between conductively doped bit lines 
202. Bars 516 are oriented in the direction of bit lines 202. 
In one embodiment, bars 516 have a surface line width of 
approximately one micron or less. The depth and width of 
each trench 220 can be approximately equal to the line width 
of bars 516. 

In FIG. 5D, the photoresist is removed. Isolation material 
224, such as SiO, is deposited to fill the trenches 220. The 
working Surface is then planarized, Such as by chemical 
mechanical polishing/planarization (CMP). 

FIG. 5E illustrates the view of FIG. 5D after clockwise 
rotation by ninety degrees. In FIG. 5E, a photoresist material 
is applied and Selectively exposed to provide a mask for the 
directional etching of trenches 221 and 222, Such as by 
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reactive ion etching (RIE). The directional etching of 
trenches 221 and 222 results in a plurality of row bars 532 
that are disposed orthogonally to bit lines 202. Forming 
trenches 221 and 222 includes etching though Stacked layers 
in the portions of bars 516. Forming trenches 221 and 222 
also includes etching through the isolation material 224 
disposed between bars 516. 
More particularly, trenches 221 and 222 are etched 

through nitride layer 514, pad oxide layer 512, second 
Source/drain layer 216, body region layer 214, and partially 
into first source/drain layer 212. Trenches 221 and 222 are 
etched into bars 516 to a depth of about 100 nm into first 
Source/drain layer 212, leaving intact the underlying bit line 
202 portion of the first source/drain layer 212. Trenches 221 
and 222 are also etched into the isolation material 224 
between bars 516. In one embodiment, after etching nitride 
layer 514 of bars 516, a nonselective dry etch is used to 
remove portions of the isolation material 224 between bars 
516 and also the pad oxide layer 512, second source/drain 
layer 216, body region layer 214, and a portion of first 
Source/drain layer 212 of bars 516. The directional etching 
of trenches 221 and 222 results in the formation of a 
plurality of row bars 532 that are orthogonal to column bars 
516. 

FIG. 5F is a plan View illustrating generally the arrange 
ment of parallel bars 516, and trenches 220 interposed 
therebetween. Bars 532 are arranged orthogonally to bars 
516. Trenches 221 and 222 are alternatingly interposed 
between ones of bars 532. The resulting semiconductor 
pillars in the intersecting portions of bars 532 and 516 
provide first and Second Source drain regions 212 and 216, 
respectively, and body region 214 for access FETs 130 of 
memory cells 112. 

In FIG. 5G, which is oriented similarly to FIG. 5E, a 
conformal silicon nitride layer 540 is formed, such as by 
CVD. Nitride layer 540 is directionally etched, such as by 
RIE, to leave resulting portions of nitride layer 540 only on 
respective sidewalls 219 and 223 of the bars 532 adjacent to 
respective trenches 221 and 222. In one embodiment, the 
thickness of directionally etched nitride. layer 540 is about 
20 nm. An oxide layer 542 is formed, such as by thermal 
growth, at the base portions of trenches 221 and 222. Oxide 
layer 542 insulates the underlying bit lines 202 from struc 
tures subsequently formed in trenches 221 and 222. After 
forming oxide layer 542, remaining portions of nitride layer 
540 are removed. 

In FIG. 5H, a gate oxide 218 is formed on the respective 
exposed sidewalls 219 and 223 portions in respective 
trenches 221 and 222 of Second Source/drain region 216, 
body region 214, and first Source/drain region 212. In one 
embodiment, gate oxide 218 is a high-quality thin oxide 
layer that is thermally grown on the respective exposed 
sidewalls 219 and 223 of respective trenches 221 and 222. 

In FIG. 5I, a conductive layer 544 is formed over the 
working Surface of the wafer, including filling trenches 221 
and 222 in which word line 206 and body line 208 will 
respectively be formed. In one embodiment, conductive 
layer 544 is formed by CVD of a refractory metal, such as 
tungsten. In another embodiment, conductive layer 544 is 
formed by CVD of n+ polysilicon. Other suitable conductive 
materials could also be used. 

In FIG. 5.J., CMP or other suitable planarization process is 
used to remove portions of conductive layer 544 above 
nitride layer 514. Conductive layer 544 is etched to form 
recesses in trenches 221 and 222. In one embodiment, the 
depth of the recesses is slightly below the interface between 
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10 
pad oxide 512 and second source/drain layer 216. An 
insulator, such as oxide layer 550 is formed, such as by 
CVD, over the working surface of the wafer. Oxide layer 
550 fills the recesses in trenches 221 and 222. CMP or other 
Suitable planarization proceSS is used to remove exceSS 
portions of oxide layer 550 above nitride layer 514. 

In FIG. 5K, a photoresist layer 555 is deposited and 
Selectively removed, leaving portions of photoresist layer 
555 covering alternate trenches, such as trench 221, and 
leaving exposed the other alternate trenches, Such as trench 
222. Oxide layer 550 in trench 222 is substantially removed, 
Such as by etching. Underlying conductive layer 544 in 
trench 222 is etched back to a level that is approximately just 
above the interface between first source/drain layer 212 and 
body region layer 214. 

In FIG. 5L, the exposed portions of gate oxide 218 in 
trench 222, above the surface of the conductive layer 544 
therein, are removed from the exposed sidewalls 223 of 
trench 222, Such as by isotropic etching. Remaining portions 
of conductive layer 544 in trench 222 are removed, such as 
by directional etching that Selectively removes polysilicon 
but not oxide. As a result, portions of gate oxide 218 remain 
in trench 222, isolating adjacent portions of first Source/ 
drain layer 212 from trench 222. 

In FIG.5M, photoresist layer 555 is removed, such as by 
conventional photoresist Stripping techniques. A conductive 
layer 560 is formed over the working surface of the wafer, 
filling trench 222. In one embodiment, conductive layer 560 
is formed by CVD of a refractory metal, such as tungsten. In 
another embodiment, conductive layer 560 is formed by 
CVD of p- polysilicon. Conductive layer 560 is etched 
back, over the Surface of the wafer and in trench 222, to a 
level within trench 222 that is approximately just below the 
adjacent interface between body region layer 214 and Sec 
ond Source/drain region layer 216. An insulating layer 565, 
Such as oxide, is formed over the working Surface of the 
wafer, filling trench 222. CMP or other suitable planariza 
tion proceSS is used to remove portions of insulating layer 
565 above nitride layer 514. 
As described with respect to FIGS. 5A-M, word line 206 

in trench 221 is formed from conductive layer 544. Body 
line 208 in trench 222 is formed from conductive layer 560. 
Word line 206 provides gate regions that are capacitively 
coupled to body regions 214 of access FETs 130 that are 
adjacent to each Side of trench 221, Such as in memory cells 
112a–b and 112d-e. Body line 208 provides interconnected 
ohmic body contacts to body regions 214 of access FETs 130 
that are adjacent to each Side of trench 222, Such as in 
memory cells 112b-c and 112ef. Word line 206 and body 
line 208 can be provided control signals via contacts that are 
located outside array 110. 

In FIG. 5N, nitride layer 514 is removed, such as by 
etching, and an insulator, Such as SiO2 is formed over the 
working surface of the wafer, such as by CVD. The structure 
thus formed is then processed to fabricate a storage capacitor 
132 on the upper Surface of each memory cell 112, using 
known techniques, followed by conventional back end of 
line (BEOL) procedures. 

FIG. 6 is a perspective view illustrating generally another 
embodiment of a portion of a memory according to the 
present invention, Similar to that described with respect to 
FIG. 2. FIG. 6, however, illustrates an embodiment of the 
present invention having a Semiconductor-on-insulator 
(SOI) substrate 210 rather than a bulk semiconductor Sub 
strate 210. In one embodiment, SOI substrate 210 of FIG. 6 
is obtained using an SOI starting material. In another 
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embodiment, described below, a bulk Semiconductor Start 
ing material is used, and bars of SOI are formed during 
fabrication of memory 100, such that the semiconductor 
pillars, in which portions of access FETs 130 are formed, 
extend outwardly from an insulating portion 602 of substrate 
210. 

One such method of forming bars of SOI is described in 
the Noble U.S. patent application Ser. No. 08/745,708 which 
is assigned to the assignee of the present application and 
which is herein incorporated by reference. Another Such 
method of forming regions of SOI is described in the Forbes 
U.S. patent application Ser. No. 08/706,230, which is 
assigned to the assignee of the present application and which 
is herein incorporated by reference. 

FIGS. 7A-C illustrate generally, by way of example, 
additional steps used to form SOI bars during the fabrication 
steps described above with respect to FIGS. 5A-N, such that 
the Semiconductor pillars, in which portions of access FETs 
130 are formed, extend outwardly from an insulating portion 
602 of Substrate 210, resulting in the structure illustrated in 
FIG. 6. 

In FIG. 7A, the processing steps described above with 
respect to FIGS. 5A-C are carried out, forming trenches 220 
that are etched to a depth that is below the original Surface 
518 of Substrate 210, such as by approximately greater than 
or equal to 0.6 um. A conformal nitride layer 704 is formed, 
such as by CVD, over the working surface of the wafer, 
lining trenches 220. Nitride layer 704 is directionally etched, 
such as by RIE, to remove nitride layer 704 from the base 
regions of trenches 220. Portions of nitride layer 704 remain 
on the Sidewalls of trenches 220 to protect adjacent layers 
during Subsequent etching and oxidation. 

In FIG. 7B, an isotropic chemical etch of silicon is used 
to partially undercut bars 516. For example, hydrofluoric 
acid (HF) or a commercial etchant Sold under the trade name 
CP4 (a mixture of approximately 1 part (46% HF):1 part 
(CHCOOH):3 parts (HNO)) can be used for the isotropic 
etchant. In one embodiment, the partial undercutting of bars 
516 by isotropic etching is timed to remove a volume of 
Silicon that is Sufficient to compensate for a Subsequently 
formed volume of oxide, described below. In general, the 
Subsequent oxidation Step produces a Volume of oxide that 
is approximately twice that of the Silicon consumed during 
the oxidation step described below. 

In FIG. 7C, Substrate 210 is oxidized using a standard 
Semiconductor processing furnace at a temperature of 
approximately 900 to 1,100 degrees Celsius. A wet oxidizing 
ambient is used in the furnace chamber to oxidize the 
exposed Silicon regions in the lower portion of trenches 220. 
Substrate 210 is oxidized for a time period that is sufficient 
to form oxide insulating portion 602 that fully undercuts 
bars 516. Insulating portion 602 underlies both bars 516 and 
trenches 220. Insulating portion 602 isolates the bit lines 
202, and access FETs 130 formed on bit lines 202, from an 
underlying semiconductor portion of Substrate 210. Nitride 
layer 704 is removed, Such as by etching, and processing 
then continues as described above with respect to FIGS. 
5D-N, resulting in the structure generally illustrated by FIG. 
6. 

In one embodiment, bars 516 are sufficiently narrow such 
that the oxidation step that undercuts bars 516 produces 
Sufficient oxide to fill trenches 220, resulting in a generally 
planar Structure. This avoids the need for a separate Step of 
depositing an oxide isolation material 224 Such as described 
with respect to FIG. 5D. The oxidation time period depends 
on the width of bars 516 and the effective width of bars 516 
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after the undercut etch step. Narrower bars 516 require 
shorter oxidation times. For example, for Sub-0.25 micron 
technology, oxidation time is approximately 1 hour. In 
another embodiment, the etch step fully undercuts bars 516 
before oxidation. This further reduces oxidation time. 

FIGS. 8-10 illustrate generally another embodiment of a 
portion of a memory according to the present invention, 
similar to that described with respect to FIG. 6. In the 
embodiment of FIGS. 8–10, however, word line 206 and 
body line 208 are each split into separate conductors. Word 
line 206 is split into independently operable word lines 206a 
and 206b, each disposed in trench 221 and electrically 
isolated from each other, such as by SiO. Body line 208 is 
split into independently operable body lines 208a and 208b, 
each disposed in trench 222 and electrically isolated from 
each other, Such as by SiO2. Thus, gate regions need not be 
shared between access FETs 130 in memory cells 112 on 
opposing Sides of trench 221. Similarly, body lines need 
interconnect body contacts to body regions 214 of access 
FETs 130 in memory cells 112 on opposing sides of trench 
222. Word line 206 can be formed of a refractory metal or 
n+ polysilicon or other Suitable conductor, as described 
above. Similarly, body line 208 can be formed of a refractory 
metal or p+ polysilicon or other Suitable conductor, as 
described above. 

In FIGS. 8-10, for example, word line 206a extends in 
trench 221 adjacent to the vertical sidewalls 219 of the 
Semiconductor pillars of in-line memory cells 112a and 
112d, separated therefrom by gate oxide 218. Word line 
206b extends in trench 221 adjacent to the vertical sidewalls 
219 of the semiconductor pillars of in-line memory cells 
112b and 112e, separated therefrom by gate oxide 218. Body 
line 208a extends in trench 222 adjacent to the vertical 
sidewalls 223 of the semiconductor pillars of in-line 
memory cells 112b and 112e. Body line 208a contacts body 
regions 214 of the Semiconductor pillars of in line memory 
cells 112b and 112e. Body line 208b extends in trench 222 
adjacent to the vertical sidewalls 223 of the semiconductor 
pillars of in-line memory cells 112c and 112f Body line 
208b contacts body regions 214 of the semiconductor pillars 
of in line memory cells 112c and 112f 

Operation of the access FET130 of memory cell 112b, for 
example, includes operation of word line 206b and body line 
208a, as similarly described above. A positive potential, 
such as approximately 1.5V, is applied to word line 206b to 
turn on the access FET 130 of memory cell 112b. A positive 
potential, Such as approximately 0.5V is Synchronously 
applied to body line 208a, as similarly described above, to 
decrease the turn-on threshold voltage of the access FET130 
and thereby increase the effective gate overdrive Voltage 
provided on the word line 206. Since word line 206b is not 
shared by the access FET 130 of memory cell 112a, Sub 
threshold leakage is not induced in the access FET 130 of 
memory cell 112a during activation of word line 206b to 
operate the access FET 130 of memory cell 112b. Similarly, 
since body line 208a is not shared by the access FET130 of 
memory cell 112c, body line 208b can be maintained at its 
Standby Voltage of approximately -1.5V. AS a result, the 
threshold voltage of the access FET 130 of memory cell 
112c remains relatively high during activation of word line 
206b and body line 208a, thereby reducing subthreshold 
leakage currents and increasing data retention time. 
The use of split word lines 206a-b and split body lines 

208a–b avoids the problem of increased sub-threshold con 
duction in access FETs 130 in one row while the memory 
cells 112 in the adjacent row are being addressed. Each 
memory cell 112 is capable of being uniquely addressed by 
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a combination of word line 206 and body line 208 voltages. 
These voltages need not appear on the word line 206 and 
body line 208 of adjacent rows of memory cells 112. 

The structures of FIGS. 8-10 can be fabricated by process 
steps similar to those described with respect to FIGS. 5A-C 
forming bars 516 separated by trenches 220. This is fol 
lowed by the process steps described with respect to FIGS. 
7A-C follow, isolating bars 516 from an underlying semi 
conductor portion of substrate 210 by insulating portion 602. 
This is followed by the process steps described with respect 
to FIGS. 5D-I forming trenches 221 and 222 that are filled 
with a conductive layer 544, as described above. This is 
followed by the process steps described below with respect 
to FIGS. 11A-E. 

In FIG. 11A, portions of conductive layer 544 are 
removed, Such as by RIE or other directional etching 
technique, leaving Spacer portions of conductive layer 544 
along sidewalls 219 of trenches 221 and sidewalls 223 of 
trenches 222. 

In FIG. 11B, a layer 1100, such as intrinsic polysilicon, is 
formed over the working Surface of the wafer, Such as by 
CVD, thereby filling trenches 221 and 222. CMP or other 
Suitable planarization technique is used to remove portions 
of layer 1100 above the surface of nitride layer 514, resulting 
in a planar working Surface of the wafer at approximately the 
level of the upper Surface of nitride layer 514. A thin cap 
layer 1105, such as SiN., is formed on the working surface 
of the wafer. In one embodiment, nitride cap layer 1105 can 
be approximately 10 nanometers thick. A photoresist layer 
1110 is formed and selectively removed, leaving portions of 
photoresist layer 1110 covering alternate trenches, Such as 
trench 221, and leaving exposed the other alternate trenches, 
such as trench 222. The exposed nitride cap layer 1105 over 
trench 222 is removed, Such as by an etch that is timed to 
avoid removing Substantial amounts of underlying nitride 
layer 514. Exposed portions of layer 1100 and layer 544 in 
trench 222 are receSS etched together, Such as by RIE to a 
depth in trench 222 that is between the upper and lower 
Surfaces of adjacent body region layer 214. 

In FIG. 11C, an isotropic etch is used to remove the 
exposed portions of gate oxide 218 from the sidewalls 223 
of trench 222. In one embodiment, the isotropic etching of 
exposed portions of gate oxide 218 is timed to avoid 
Significant removal of unexposed portions of gate oxide 218, 
near the base of trench 222, and underlying oxide layer 542. 
Remaining portions of layer 1100 and layer 544 in trench 
222 are removed, Such as by RIE. Resulting portions of gate 
oxide 218 are left behind for isolating adjacent first/source 
drain region layer 212 portions of the sidewalls 223 of trench 
222 from the interior region of trench 222. 

In FIG. 11D, photoresist layer 1110 is removed, such as by 
conventional photoresist Stripping techniques. A conductive 
layer 1115 is formed on the working surface of the wafer, 
filling trench 222. In one embodiment, conductive layer 
1115 is formed by CVD of a refractory metal, such as 
tungsten. In another embodiment, conductive layer 1115 is 
formed by CVD of p+ polysilicon. Other suitable conductive 
materials could also be used to obtain an ohmic contact to 
portions of p-silicon body region layer 214 at sidewall 223 
of trench 222. Portions of conductive layer 1115 are 
removed, such as by RIE or other directional etch. In one 
embodiment, the directional etching leaves behind remain 
ing portions of conductive layer 1115 only on sidewalls 223 
of trench 222 approximately below the interface between 
body region layer 214 and Second Source/drain region layer 
216. 
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In FIG. 11E, remaining portions of nitride thin cap layer 

1105 are substantially removed, such as by etching. Intrinsic 
polysilicon layer 1100 in trench 221 is removed, such as by 
a Selective wet etchant that removes intrinsic, but not doped 
polysilicon. An insulating layer 1120, Such as SiO2, is 
formed over the working Surface of the wafer, Such as by 
CVD, thereby filling trenches 221 and 222. The structure 
thus formed is then processed to fabricate a storage capacitor 
132 on the upper Surface of each memory cell 112, using 
known techniques, followed by conventional back end of 
line (BEOL) procedures. 
The process steps described above with respect to FIGS. 

11A-E, result in separate word lines 206a-b in trench 221. 
Word lines 206a-b are formed from conductive layer 544. 
Separate body lines 208a–b in trench 222 also result from 
the process steps described above with respect to FIGS. 
11A-E. Body lines 208a–b are formed from conductive 
layer 1115. Word line 206a provides gate regions that are 
capacitively coupled to body regions 214 of access FETs 130 
adjacent to a first Side of trench 221, Such as in memory cells 
112a and 112d. Word line 206b provides gate regions that 
are capacitively coupled to body regions 214 of access FETs 
130 adjacent to a second side of trench 221, such as in 
memory cells 112b and 112e. Body line 208a provides 
interconnected ohmic body contacts to body regions 214 of 
access FETs 130 adjacent to a first side of trench 222, such 
as in memory cells 112b and 112e. Body line 208b provides 
interconnected ohmic body contacts to body regions 214 of 
access FETs 130 adjacent to a second side of trench 222, 
such as in memory cells 112c and 112f Word lines 206a-b 
and body lines 208a–b can be provided control signals via 
contacts made outside array 110. 

FIGS. 12-13 illustrate generally another embodiment of a 
portion of a memory according to the present invention, 
similar to that described with respect to FIGS. 8-10, but 
fabricating using a bulk silicon Substrate 210, as described 
with respect to FIGS. 2-4. The structures of FIGS. 12-13 are 
fabricated by process Steps Similar to those described with 
respect to FIGS.5A-I forming trenches 221 and 222 that are 
filled with a conductive layer 544, as described above. The 
process steps described with respect to FIGS. 7A-C are 
omitted from this embodiment. Instead, the proceSS Steps 
described with respect to FIGS. 5A-I are followed by the 
process steps described with respect to FIGS. 11 A-E, result 
ing in the structures of FIGS. 12-13. 

Thus, it has been shown that the invention provides 
integrated circuit Structures and fabrication methods, Such as 
for DRAM memory cell arrays and other semiconductor 
devices. Each memory cell includes a vertical acceSS FET, 
formed on a buried bit line. The access FET has a gate that 
is integrally formed with a word line that is buried in a trench 
that extends along a side of the memory cell. The access FET 
has a body contact that is integrally formed with a body line 
that is buried in a trench that extends along another Side of 
the memory cell. The buried word and body lines improve 
integration density. Each memory cell can be fabricated in a 
Surface area that is approximately 4F, where F is a mini 
mum lithographic feature size. In one embodiment, a com 
mon word line is shared by all of the access FETs that are 
located along both sides of the trench in which the word line 
is located. In another embodiment, a common body line 
interconnects the body regions of all of the access FETs that 
are located along both sides of the trench in which the body 
line is located. In a further embodiment, split word lines are 
provided for Separate addressing of gate regions of acceSS 
FETs on opposite sides of the trench. In yet a further 
embodiment, Split body lines are provided for Separately 
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interconnecting contacts to body regions of the access FETs 
on opposite Sides of the trench. Each of the unitary and Split 
word and body line embodiments can be fabricated on a bulk 
Semiconductor Substrate, or on a Semiconductor-on-insulator 
(SOI) substrate that results from using an SOI starting 
material, or by forming SOI regions during fabrication. 

It is to be understood that the above description is 
intended to be illustrative, and not restrictive. Combinations 
of the above embodiments, and other embodiments will be 
apparent to those of skill in the art upon reviewing the above 
description. The above Structures and fabrication methods 
have been described, by way of example, and not by way of 
limitation, with respect to memory integrated circuits Such 
as dynamic random access memories (DRAMs). However, 
the Scope of the invention includes any other integrated 
circuit applications in which the above Structures and fab 
rication methods are used. Thus, the Scope of the invention 
is not limited to the particular embodiments shown and 
described herein. 
What is claimed is: 
1. A method of fabricating an integrated circuit, the 

method comprising the Steps of 
providing a Substrate; 
forming a plurality of bit lines on the Substrate; 
forming a plurality of access transistors on each of the bit 

lines, each access transistor including a first Source/ 
drain region shared by at least a portion of the bit line, 
a body region and Second Source/drain region formed 
Vertically thereupon; 

forming a plurality of isolation trenches in the Substrate 
and orthogonal to the bit lines, each trench located 
between access transistors on the orthogonal bit lines, 

forming in a first one of the trenches a word line that 
controls conduction between first and Second Source/ 
drain regions of access transistors that are adjacent to a 
first side of the first trench; and 

forming in a Second one of the trenches, adjacent to the 
first trench, a body line that interconnects body regions 
of access transistors that are adjacent to a first Side of 
the Second trench. 

2. The method of claim 1, wherein the word line also 
controls conduction between first and Second Source/drain 
regions of access transistors that are adjacent to a Second 
side of the first trench. 

3. The method of claim 1, wherein the body line also 
interconnects body regions of acceSS transistors that are 
adjacent to a Second Side of the first trench. 

4. The method of claim 1, further comprising the step of 
forming, in the first trench, another word line, which con 
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trols conduction between first and Second Source/drain 
regions of access transistors that are adjacent to a Second 
side of the first trench. 

5. The method of claim 1, further comprising the step of 
forming, in the Second trench, another body line, which 
interconnects body regions of acceSS transistors that are 
adjacent to a Second Side of the Second trench. 

6. A method of fabricating an integrated circuit, the 
method comprising: 

forming a first conductivity type first Source/drain region 
layer on a Substrate; 

forming a Second conductivity type body region layer on 
the first Source/drain layer; 

forming a first conductivity type Second Source/drain 
region layer on the body region layer; 

forming a plurality of Substantially parallel column iso 
lation trenches extending through the Second Source/ 
drain region layer, the body region layer, and the first 
Source/drain region layer, thereby forming column bars 
between the column isolation trenches, 

providing an isolation material in the column isolation 
trenches, 

forming a plurality of Substantially parallel row isolation 
trenches, orthogonal to the column isolation trenches, 
extending through the Second Source/drain region layer, 
the body region layer, and at least partially into the first 
Source/drain region layer in the column bars, the row 
isolation trenches also extending at least partially into 
the isolation material in the column isolation trenches, 
thereby forming row bars between the row isolation 
trenches, 

forming an insulating layer at the base of the row isolation 
trenches, 

forming conductive word lines in first alternating ones of 
the row isolation trenches, and 

forming conductive body lines in Second alternating ones 
of the row isolation trenches. 

7. The method of claim 6, further comprising the step of 
forming an insulating layer underlying the column bars. 

8. The method of claim 6, further comprising etching 
median portions of the word lines to provide Separate word 
lines on each Side of ones of the row isolation trenches. 

9. The method of claim 6, further comprising etching 
median portions of the body lines to provide Separate body 
lines on each Side of ones of the row isolation trenches. 


